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A high efficiency deep-blue organic light-emitting diode was fabricated using a blue light-emitting
dye, 2,7-bis2phenylm-tolylamino-9,9-dimethyl-fluorene-7-yl-9,9-dimethyl—fluorene, doped in
a low-polarity host, 4 ,4-bis9-carbazolyl-biphenyl. The resulting device showed a highly saturated
blue light with Commission Internationale de l’Eclairage coordinates of 0.14, 0.08 and a
record-high external quantum efficiency of 5.1% at 100 cd /m2. The highly saturated blue emission
may be attributed to effective solid-state solvation of the employed host, being able to effectively
separate the blue dopants due to similar host-guest polarity. The high efficiency may result from
efficient energy transfer from the host to dopant and a proper device architecture, leading excitons
to favorably form on the host instead of on the dopant. © 2008 American Institute of Physics.
DOI: 10.1063/1.2931071
The organic light-emitting diode OLED is a promising
candidate for next-generation flat-panel displays and area il-
lumination because of its full-color capability and low power
consumption.1–4 Deep-blue emission with high efficiency is
especially important in order to maximize full-color capabil-
ity for high quality display and the color-rendering index for
high quality illumination. In addition, the use of an efficient
deeper-blue emitter can effectively reduce the power con-
sumption of OLED displays.5 Thus, developing blue emitting
materials with high efficiency and highly saturated emission
is a topic of great interest.
To obtain high efficiency, phosphorescent emitters have
attracted much attention as they have the ability to boost the
internal quantum efficiency to 100%.6 Currently, the difficul-
ties encountered in synthesizing applicable large band-gap
dopants and host materials make blue phosphorescent
systems less preferable than their fluorescent counter-
parts. On the other hand, several reported deep-blue
fluorescent OLEDs have shown good efficiency, such as
monostyrylamine-based derivative,5 oligoarylenevinylene
derivative,7 and 6,6-bis2,4-diphenylquinoline.8 Their ex-
ternal quantum efficiencies EQEs are 5.1%, 4.9%, and
4.1%, respectively. However, they all have insufficient satu-
rated emission with Commission International de l’Eclairage
CIE y coordinate CIEy0.12, while the blue light de-
fined in the National Television Standards Committee
NTSC color space for displays requires a CIE of 0.14,
0.08.9 Although some emitters have shown satisfactory
deep-blue color, their efficiencies are low.9,10 Development
of a blue emitter with both high efficiency and highly satu-
rated emission is thus worth pursuing.
In this report, we demonstrate a highly saturated
deep-blue OLED using a blue dye,
2, 7 - bis2phenylm-tolylamino - 9,9-dimethyl-fluorene-7-
yl-9,9-dimethyl-fluorene MDP3FL, doped in a host of
4 ,4-bis9-carbazolyl-biphenyl CBP. The resultant device
has a deep-blue emission with a CIE of 0.14, 0.08, record-
high EQE of 5.1%, power efficiency PE of 1.9 lm /W, and
current efficiency CE of 3.6 cd /A at 100 cd /m2.
Figure 1 compares the EQE results with respect to CIEy
of the MDP3FL-containing devices with different doping
concentrations against those of other reported blue OLEDs.
The dashed line shows the theoretical EQE limit for fluores-
cent emitters, which is 5%.11 The result for the 10 wt %
MDP3FL-containing device, as indicated by the square sym-
bol, is slightly above the dashed line and within the blue
area, revealing that the MDP3FL-containing device has
achieved a relatively high efficiency with highly saturated
blue emission.
The chemical structures of the MDP3FL and other em-
ployed molecules are shown in Fig. 2. Figure 2 also shows
the device architecture of the MDP3FL-containing device. It
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FIG. 1. Color online EQE vs CIEy of the studied MDP3FL-containing
deep-blue devices and other blue OLEDs. The dashed line shows the theo-
retical EQE limit of 5%. The devices that exhibit CIEy within the blue area
show deeper-blue emission than that defined by the NTSC standard
9,10-bis2’,7’-di-t-butyl-9’, 9’-spirobifluorenylanthracene see Ref. 9;
9,10-bis-4-4-pentyl-cyclohexyl-phenyl-anthracene see Ref. 10 some
data were calculated according to their EL spectra and CE see Ref. 12.
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consisted of a 1250 Å indium tin oxide layer, a 300 Å
poly3,4-ethylene-dioxythiophene - poly- styrenesulfonate
hole injection layer,13 a 300 Å emissive layer, a
400 Å 1,3,5-trisN-phenylbenzimidazol-2-ylbenzene TPBi
electron-transporting layer, a 10 Å lithium fluoride layer, and
a 1500 Å aluminum layer. The emissive layer was composed
of the blue light-emitting MDP3FL, purchased from Lumtec
Corp., with or without the CBP host. The measurement de-
tails can be found in previous literature.14
Table I summarizes the performance results of the stud-
ied devices. When the emissive layer consisted of 100%
MDP3FL, the resultant device exhibited a blue emission with
a CIE of 0.15, 0.12 and an EQE of 1.9% at 100 cd /m2. By
employing the CBP host in the emissive layer, the efficiency
increased and the emission became bluer. For example, by
doping 10 wt % MDP3FL in the CBP host, the device exhib-
ited an EQE of 5.1% and CIE of 0.14, 0.08. As also shown
by the EQE and PE results in Figs. 3a and 3b, the
10 wt % MDP3FL doped device shows the highest effi-
ciency, much higher than that of the 4 wt % doped and pure
MDP3FL-containing devices.
The high efficiency of the MDP3FL-containing device
with CBP host may be attributed to the significant overlap
between the absorption spectrum of MDP3FL and the pho-
toluminescence PL spectrum of CBP, allowing an efficient
host-to-guest Föster energy transfer and consequently a
much improved luminance efficiency, as shown in Fig.
3c.15 The PL spectra of the MDP3FL doped CBP film
showed that the emission of CBP disappeared with MDP3FL
concentrations above 4 wt %, indicating that there was a
complete energy transfer. The PL intensity of the MDP3FL
doped CBP film reached a maximum intensity at 10 wt %. It
dropped at 20 wt %, which may be due to a concentration
quenching phenomenon.16,17
As seen in Table I, excitons could directly form on the
MDP3FL molecules, especially when no CBP host was em-
ployed. However, this would result to relatively low device
efficiency. By employing CBP host in the emissive layer, the
resultant device architecture could then effectively lead elec-
trons to inject into the host, rather than on the guest, because
there was no barrier for electrons to inject from the electron-
transporting layer TPBi to the host CBP, as shown in Fig.
2. Since more electrons would inject on the host, less exciton
would form on the guest. Higher device efficiency could
consequently be obtained via more effective host-to-guest
energy-transfer mechanism.18 Less excitons formed on the
guest would, meanwhile, prevent the occurrence of exciton
quenching on guest, which would usually lead to an undes-
ired low efficiency.
The reason why the resultant blue light-emitting device
exhibited a deeper-blue emission when the CBP host was
employed may be attributed to the solid-state solvation effect
of the nonpolar CBP host that can effectively separate the
low-polarity MDP3FL molecules.19 When the dopant mol-
ecules were well separated, it exhibited a bluer emission,
similar to the emission of a single molecule. On the other
hand, when surrounded by high-polarity solvent molecules,
the dopant molecules would aggregate and exhibit a red-
shifted emission.19 The effect of host polarity can also be
revealed by the PL of the MDP3FL molecules dissolved in
solvents with different polarities.20 As shown in Fig. 4a, the
MDP3FL-containing solution 0.01 mg /ml exhibited a
FIG. 2. Color online Chemical structures and three dimention structures of
the employed molecules, such as MDP3FL, CBP, and TPBi, and device
architectures of the MDP3FL-containing devices, with and without host.
The band diagrams shown here were a first-order approximation without
taking the interface effects into consideration see Ref. 13.
TABLE I. Effect of MDP3FL doping concentration on the EL characteristics
of the studied devices.
MDP3FL
wt %
Applied
voltagea
V
External quantum
efficiencya
%
Power
efficiencya
lm/W
CIE 1931 x ,y
coordinatesa
4 6 4.6 1.4 0.14, 0.06
10 6 5.1 1.9 0.14, 0.08
20 4.5 4.1 1.8 0.15, 0.09
100 3.8 1.9 1.3 0.15, 0.12
aData obtained at 100 cd /m2.
FIG. 3. Effect of MDP3FL concentration on the resultant a EQE and b
PE of the studied devices. c Absolute PL spectra of the MDP3FL doped
CBP films and the absorption spectrum of the MDP3FL film normalized to
the PL of the pure CBP film.
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bluer spectrum in toluene than in tetrahydrofuran THF, and
the polarity of toluene dipole moment =0.31 D is known
to be lower than that of THF =1.75 D.
As shown in Fig. 4b, the same phenomenon was ob-
served in the PL results of the solid-state films with 10 wt %
blue dye MDP3FL in the two different hosts, CBP and TPBi.
Bluer emission was observed for the blue dye dispersed in
the CBP host. This may be attributed to the high structure
compatibility, resulting from the similar host/guest polarity.
As indicated by the calculation using GAUSSIAN 03 PM3,
the dipole moments are 0.44 D for MDP3FL and 0.026 D for
CBP while 3.38 D for TPBi. Like that observed in the above
solvent system, the low-polarity CBP host molecules should
be able to well separate the low-polarity MDP3FL dye mol-
ecules. Comparatively, the low-polarity dye would be segre-
gated from the high-polarity TPBi host, causing undesired
redshifted emission.
The resulting electroluminance EL spectrum of the
MDP3FL-containing device shifted significantly toward blue
when the CBP host was employed, as shown in Fig. 4c,
while the EL spectrum did not shift when the TPBi host was
used. These results reveal an important finding that even a
small band-gap possessing blue emitter such as MDP3FL can
still emit deep-blue light when a host with similar polarity is
employed.
In conclusion, this work has demonstrated a deep-blue
OLED using a blue emitter, MDP3FL, doped in a low-
polarity host, CBP. The resulting device has an EQE of 5.1%
at a luminescence of 100 cd /m2. In addition, the device also
shows a highly saturated deep-blue emission with a CIE of
0.14, 0.08 and an emission peak at 431 nm. The high effi-
ciency may result from efficient energy transfer from the
host to dopant, and a proper device architecture leading ex-
citons to favorably form on host instead of dopant. The
highly saturated emission may be attributed to effective
solid-state solvation of the employed host, being able to ef-
fectively separate the dopant molecules due to similar host-
guest polarity.
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